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1

EXECUTIVE SUMMARY

The climate agreement of the 28th of June 20191 is the start of a new phase in
energy and climate policy in the Netherlands. The agreement offers direction in
many areas but does not yet provide an answer to implementation and
instrumentation in certain sectors. The energy system of the Netherlands is going to
change. The social costs and public interest play a role in organizing a wellfunctioning, accessible, reliable and affordable energy supply.
Based on the functioning of the current energy system, the system roles of different
energy carriers are analysed in this paper. In a future system, with other climateneutral energy carriers expected, these system roles will also have to be fulfilled. The
analysis includes an assessment of the conditions that are needed to make the
proposed energy system adjustments, both socially and economically, feasible in the
long term. Furthermore, the possibilities of new markets and applications must also
be considered.
An important question is whether existing participants in the energy market (private
and public parties) are able to shape the new energy system or whether there is a
need, especially in the initial phase, for coordinating institutions that can bring new
supply and demand together. The change in the energy system also requires
substantial investments in infrastructure when we anticipate changes in energy
carriers and the development of new value chains. The success of the energy
transition will be determined by following a logic sequence in steps. At the same
time, a good estimate must be made of the type and size of the infrastructure
required to manage the social costs. A vision on the type of solution spaces that are
being sought-after is needed for this. One solution direction promotes far-reaching
electrification, while others point to the need for clean molecules. The reality will be
that both systems are needed and that a (cost) assessment must be made as to
where and how electrification works best, and where clean molecules can best be
used. In addition, it is possible that electricity becomes an important source for the
creation of clean molecules, leading to electrification becoming an even more
complex concept. In this case the clean molecule discussed is hydrogen, the subject
of this paper.
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https://www.government.nl/documents/reports/2019/06/28/climate-agreement

In the current market conditions, with relatively low oil and natural gas prices and an
increased but still low CO2 emission price (compared to the costs of avoiding CO2
emissions), the use of many climate-neutral energy carriers is not competitive.
Government intervention is needed to finance the front-end costs or operating
shortfall and initiate further development. However, the government also believes
that it can as much as possible, use the power of markets. That implies allowing
co-operation and co-ordination of companies to develop new value chains. Already
during the negotiations at the so-called climate tables (where the climate agreement
was negotiated eds.), it became apparent that uncertainty about the application of
competition law to the discussions led to many unnecessary obstacles. In the current
market organization, co-operation between companies to develop new value chains
is possible during the research and development phase, but is stricter when it comes
to more concrete co-ordination, during the rollout and implementation phase. This is
especially relevant for the industrial sector, which has received a relatively tall order
for emission reduction in 2030. The Ministry of Economic Affairs and Climate could
adjust regulations, or together with the Dutch market regulator Authority for
Consumers and Markets (ACM), consider how such co-operation in the development
of a new value chain can be achieved, within existing regulations. This could include
agreements for a certain period, for example until 2030. Companies will want legal
clarity about what they can and cannot do from the regulator. Value chain
dependencies also plays a major role in being able to realize CO2 reductions behind
the factory gate, and clear agreements must also be made with the government and
the regulator on this. The proposed CO2 tax creates liability issues if it is not applied
properly. The supervision of the energy market, on the basis of current legislation
and regulation, must therefore be examined critically for any inhibiting factors, in
the period up to 2030. The Ministry should also consider upfront when an incentive
regime can end or when certain exemptions will expire.
Knowledge and insight gained from past market developments of emerging energy
technologies, and the different stages of development these new markets go
through, can be used to gain a better grasp on the timing of certain market
developments (both in terms of supervision and in the area of government subsidies).
What role can the government play in the initial phase and subsequently, what is the
role for the market? When should the government let go? And which frameworks
are required for different energy carriers that work in fundamentally different ways?
Another issue is how and who should and could ensure system stability during the
various phases of change. Moreover, how are system benefits and burdens to be
distributed as more new energy carriers and networks are introduced? Up to now,
the system costs have mainly been borne by the network companies and electricity
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companies with dispatchable capacity. However, in the future (also due to the
widening of the energy transition to the rest of the energy economy), this will have
to be reconsidered. Already, during the presentation of the draft proposal for the
Dutch climate agreement in December 2018, there was a stir around the financing
of the operating shortfall of measures to be taken by the industry. Ultimately, this led
to the inclusion of a tax on avoidable but unrealized industry CO2 emissions by 2030
in the climate agreement of 28 June 2019.
The manner in which this tax will be implemented will have a major influence on the
effectiveness of other measures used to encourage companies to invest in CO2
emission reduction. In implementation, an account should be taken of the effect on
the investment behaviour of companies. This behaviour is different if a company has
to pay in advance rather than make a reservation on their balance sheets. The ease
of governmental implementation should not stand in the way of the effectiveness of
the measure, especially since it is only in 2031 that the size of the possible levy for a
company can be determined.
The task of significantly reducing CO2 emissions in the sectors of industry, electricity,
mobility and the built environment by 2030 on the one hand, and the prospect of
eventually producing substantial volumes of hydrogen with green electricity after
2030 on the other hand, seem to pave the way for a new Dutch energy system
backbone. This backbone will consist of electricity and hydrogen in parallel,
supplemented with other energy carriers that can locally be used more efficiently, for
example (residual) heat or biogas. However, intermediate steps are required on this
pathway since the ultimately required volumes are large and both the roll-out of
offshore wind power and scaling up of electrolysis requires time and investment. As
not all energy demand can be electrified, hydrogen can play an important role in
balancing power supply and demand, and as a feedstock. The production of
hydrogen with domestic offshore wind is likely to be insufficient to meet all hydrogen
demand in the future, so the availability of hydrogen production based on natural
gas with CCUS and/or import facilities is an important addition. Although many
discussions are about the cost of energy transition, it is also important to look at the
value of new energy carriers in the energy system. Here too, more study would have
to be done to arrive at the right decisions as to which energy carrier can best meet
which type of energy demand so that alternatives can also compete fairly.
The reuse of natural gas infrastructure is also an important factor in the design of
future energy markets. However, until 2030, the hydrogen market will mainly remain
a business-to-business market, so rapid adjustments are not necessary. That being
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said, developments appear to be underway which indicate that hydrogen will be
regulated in the EU in the same way as the natural gas market is today. It is much
too early for that now. Still it is good to think about the future design and type of
parties that will be active in this market. In the Netherlands, Dutch law determines
government ownership of energy infrastructure companies. Due to a lack of
information on the extent and timing of the changes and longevity of capital goods,
investments in infrastructure for the energy transition seem to be riskier than
operating an existing natural gas and electricity grid. This can have consequences for
tariffs and other regulatory agreements. It will in any case be necessary to study
whether the current regulatory regime is fitting for the changes in the energy system
and any evolution of the task and roles of the network companies in the new system.
The creation of a new market for hydrogen (outside the already existing industrial
market), for example in transportation and low-temperature heating in the built
environment, could benefit from research into the use of the fiscal space that rests
on current energy carriers, such as oil products (gasoline and diesel), and natural gas
for the built environment.
Would this fiscal space make it possible to price heat uniformly by energy content
for all small consumers through charges and taxes variable to the cost price so that
local technology choices do not have to lead to large cost differences (at least not
behind the front door) and the problem of heat networks are solved? Does this
increase support for the regional transition plans? And can solidarity be created over
time, with the costs for the first hydrogen consumers being socialized by natural gas
consumers and the costs for the last natural gas consumers are socialized by
hydrogen consumers? Is such a use of the fiscal space also possible for transport, so
that here too some solidarity is created over time between consumers of different
energy carriers during the transition?
The current market organization is already affected by a visible hand from the
government in many areas. This hand now intends to change direction. In this paper
we mainly look at the period up to 2030, during which the foundations for the new
energy system must be laid while the old system must continue to function. We try
to raise a number of questions that are important for the redesign of the market
organization during this period.
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2 INTRODUCTION

The Dutch climate agreement was presented on the 28th of June, 2019. On page 96,
the climate agreement mentions a hydrogen program for "a radical change to our
energy system and the industry and raw materials system." On pages 179-183 of
the climate agreement the possibilities for the development of a hydrogen economy
are explored, whereby a role for hydrogen is possible for all energy functions (high
and low temperature heat, as a feedstock for the industrial sector, in the electricity
sector and for transportation). In this agreement both sustainably produced
hydrogen and climate-neutral hydrogen play a role until 2030, with the assumption
that the production of sustainably produced hydrogen will increase considerably
after 2030.
In this paper, the system roles of energy carriers are analysed on the basis of the
functioning of the current energy system. In a future system, with other anticipated
energy carriers, these systemic roles will also have to be fulfilled. Part of this is an
analysis of the conditions needed to make the proposals economically viable in the
long term by creating new markets and applications.
There are different technical solutions for, for example, low temperature heat in the
built environment, but the social costs (up to the ‘front door’) and the private costs
(behind the ‘front door’) vary considerably. The call for more electrification often
does not refer to the costs of energy transport and the possibility of including
avoided investments through a combination of solutions in the analysis. The
transition from an existing system to a new one also raises the question as to what
extent the existing infrastructure can be (re)used for new energy carriers, so that
investments elsewhere can be avoided and the social costs are decreased. Recent
studies on infrastructure2 refer to this and suggest solutions. However, these
solutions provide an implicit choice for a specific market design.
The measures proposed to meet the 2030 targets should be regarded primarily as
laying the foundations for the period after 2030. Despite the high level of CO2
reduction by 2030 (-49% compared to 1990) in the context of the energy agreement
of 28 June 2019, the energy system is not yet expected to fundamentally change in
2
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See:https://www.gasunie.nl/expertise/systeemintegratie/infrastructure-outlook-2050 & https://www.tennet.eu/fileadmin/
user_upload/Company/News/Dutch/2019/Infrastructure_Outlook_2050_appendices_190214.pdf

terms of energy carriers. Up to 2030, this means taking the first steps towards
electrification. Hydrogen plays an important role in electrification through the
transportation of offshore wind energy to consumers, for high temperature heat in
the industrial sector, to create dispatchable power supply in the electricity sector and
to realize seasonal energy storage. Sustainable electricity needs a molecular
companion to properly perform the task of a systemic energy carrier. The period up
to 2030 therefore mainly concerns the construction or preparation of infrastructure
for this new backbone; the expansion of offshore wind energy production, the
investment in the first large-scale production of low-CO2 hydrogen for the
decarbonization of industry, and conducting pilots and demonstration projects to
realize large-scale electrolysis.
After 2030, hydrogen can, by production from further development of offshore
wind and potential cross-border hydrogen trade, change the energy system further
through replacement of other energy carriers on a larger scale in all types of energy
demand. Until 2030, that will only be possible on a smaller scale.
The current market organization of the energy markets in the Netherlands (both the
gas and electricity markets) has come about since the turn of the century under
conditions set by the EU on internal energy markets, and the translation into national
legislation. Moreover, in the Netherlands the choice was made to separate ownership
of energy production, transmission and distribution. The natural gas and electricity
networks are semi-private but government-owned organisations, in which shares
are held by either the central government (in the case of TenneT and Gasunie) or by
local authorities including both provinces and municipalities (for example distribution
network companies like Alliander, Enexis and Stedin). Through their network
management function (TSO and DSO), they provide for the construction,
maintenance and balancing of the networks.
The energy transition potentially brings new types of end users and new energy
technologies into the energy system. For example, heat can find new customers in
the built environment, while the expected increase in demand for clean molecules
can result in demand for hydrogen (technology) outside of current industrial
applications. Replacement energy services (such as storage and flexibility) will also
have to be developed for functions that are currently provided by traditional energy
carriers. While the old energy system was largely based on supply side management
of energy production, conversion and transport, the new system will be partly based
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on demand side management. Hydrogen can be an important link in the energy
system to process the growing variable electricity supply in such a way that the
energy system remains balanced, both in the growth of decentralized systems and
the growth of new energy technologies on an industrial scale.
The current market is not organized with this change in mind. The switch to a
backbone of electricity and hydrogen (and other technologies) may require
adjustments to the current organisation of the market. After all, when infrastructure
is reused, capacity will be withdrawn from the regulated network. How should this
be structured and in which regulatory regime? How can the hydrogen market, which
is currently still a specialized industrial market, be expanded to meet other forms of
demand? How can new supply and demand be accommodated in this new market?
How should trade in hydrogen be organized so that public interests can be
guaranteed? Can hydrogen for the built environment and transport be
accommodated by utilizing the fiscal space and absorbing the cost differences
through an equivalent price for low temperature heat? And similarly also equivalent
pricing for transport? Can industries work together to smoothen the development
of a new hydrogen market, and under which conditions is this possible? What
effects do these choices have on affordability and security of supply? To what extent
do the climate goals for 2030 and 2050 determine the steps in development?
This paper came about through discussions during ad hoc brainstorming group
sessions on the relationship between economics and energy transition. The
elaboration of questions about hydrogen are a first test of ideas that have been
developed in the group. The group started with a modest number of participants
from academia, government and commercial organisations, and has expanded over
the months to include more stakeholders. We thank all participants for their valuable
contributions. However, the responsibility for the content of this paper (and this
translation), including possible errors, lies entirely with CIEP.
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3	THE SYSTEMIC
FUNCTION OF ENERGY
CARRIERS AND
SOURCES
The energy supply of an economy meets the need for energy for different "services"
in different sectors. Households and offices typically require energy for heating,
lighting, appliances and IT services, while in industry, energy carriers are also used as
feedstocks, and in the transportation sector for traction.
When we think about energy systems, it is useful to distinguish between energy
sources and energy carriers. By energy sources we mean the primary forms of energy,
for example coal, crude oil, natural gas, uranium, but also solar energy and wind
energy, with which we as a society can then do all sorts of things with. These sources
are often not suitable for direct use by the consumer. The sources are therefore
converted into energy carriers such as electricity, gasoline or diesel, heat or hydrogen.
Methane is an odd one out because, due to its specific properties, it is both a primary
energy source and an energy carrier.
In theory, there is plenty of freedom to use different types of energy carriers for the
same service. For example, heat can be produced by burning biomass, oil products,
natural gas, by geothermal means, or by electrical solutions. Modes of transport can
be driven by oil products, natural gas, electricity or even by wind. In addition, a
secondary energy carrier can be generated, such as electricity, by a variety of
technologies: coal, oil, gases, nuclear, wind, sun, hydropower, etc. So at least
theoretically, there is a large degree of freedom for the organization of energy
supply.
However, when we look at (national) energy supply systems in practice, we see fairly
specific patterns of primary energy sources and secondary energy carriers to supply
energy for various applications. In the transportation sector, for example, the
situation is currently fairly consistent, with oil products (petrol, diesel, kerosene and
fuel oil) being dominant everywhere. There is a larger variation in the energy supply
of households, industry and in the generation of electricity. Natural gas plays a
leading role for heat and power generation in countries such as the Netherlands,
Italy and the United Kingdom. In others, such as Norway and France, that role is (to
some extent) fulfilled by electricity, generated primarily by hydropower or nuclear
energy.
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WHAT IS A (DEFINITION OF) A SYSTEMIC FUNCTION?
In the case of oil, gas and electricity, we can speak of energy sources and carriers
that fulfil a "systemic function" (Figure 1). This involves sources which the energy
supply and the economy depend on and which function as a default solution for
various forms of energy and feedstock use. In a general sense, this means that the
organization of societies, both in terms of economic activities and social aspects, is
to a large extent related to the characteristics of the dominant energy sources and
carrier(s).
An energy carrier with a systemic function provides sufficient flexibility: it is a
connecting link between multiple forms of energy production (over location, time or
form) and multiple demand functions. This concerns both sector-specific demand
functions such as (high temperature) heat processes in industry, heating in the built
environment or traction in the mobility sector, as well as cross-sectoral demand
functions such as lighting or ICT (electricity sector). Energy carriers with a system
function are thus the "lubricating oil" of an energy system.
In addition, the possibility of storage plays a role in the function of the energy
system. It is essential for a properly functioning energy system that one or more
energy carriers, with a system function, can be used to build up stocks, that can be
used in the event of a production outage (regardless of whether these are technical
obstacles, weather conditions, and/or geopolitical problems (so-called strategic
stocks). In the absence of a country’s own domestic production and reserves,
strategic stocks may also be located in a neighbouring country and/or, (as in the case
of petroleum), international agreements between countries, which may call on
strategic stocks of other countries in certain circumstances. However, specific
agreements must be made to enforce this, requiring a high degree of certainty that
these stocks will be available when the recipient country requests them.
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FIGURE 1 – SCHEMATIC OF THE CURRENT ENERGY SYSTEM

THE ENERGY SYSTEM IN THE NETHERLANDS CONSISTS OF THREE INTEGRATED ENERGY CARRIERS
WITH SYSTEMIC FUNCTIONS

Furthermore, important characteristics of an energy carrier with a systemic function
are both the scale of the system and the network effects. As a system increases in
size, there will be increased supply from various sources at different locations,
creating freedom of choice. Diversity of sales and consumption patterns also emerge
from the demand side by being able to operate multiple demand functions. This
large size approach can be the economic justification for the construction of closemeshed transmission and distribution networks with large geographical coverage, so
that energy demand can be met everywhere. Sufficiently traded volumes ensure that
those investments in infrastructure can be shared between the various users and
access to energy can be realized at the lowest possible (social) costs for all consumers/
users.
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Energy carriers with a systemic function connect different energy functions at
the lowest possible social costs, offer security of supply, and guarantee access to
the energy market for producers, suppliers and customers. With this they create
a robust energy system.

THE CURRENT ENERGY SYSTEM (IN THE NETHERLANDS)
In the Netherlands, natural gas, oil and electricity fulfil these systemic functions. The
role of natural gas is important as a feedstock, is used for the production of electricity
and for the generation of heat for industry and households. Due to the abundance
of natural gas reserves in the Netherlands, natural gas has also been an important
export product, which has contributed to both a positive trade balance and
substantial government benefits. Domestic production (in Groningen and from small
fields on / offshore) and gas storage fulfilled the function of a strategic supply, so
that the Netherlands never experienced any security of supply problems.
In addition to the use as a transportation fuel, petroleum, in combination with
natural gas, has provided for a strong, internationally competitive, (petro) chemical
industrial cluster. With highly developed connections (pipelines, rail and road) to
neighbouring countries, a large integrated energy / chemical cluster (the AmsterdamRotterdam-Antwerp- (Chemelot) -Rhine/ Ruhr; i.e. ARAR) has developed in northwest
Europe. Security of supply is guaranteed by strategic oil reserves and in addition by
international agreements within the International Energy Agency (IEA), whereby
strategic oil reserves can be used in the event of a significant supply disruption. In
the EU context, there is a policy of solidarity in the internal natural gas market, but
there is no policy with regard to maintaining strategic natural gas reserves.
Electricity fulfils the role of a flexible energy carrier, without further CO2 emissions,
when consumed by end users in various applications. In addition to use for basic
needs, such as lighting and (to a limited but increasing extent) heat, it also powers
machines (stationary engines, tools and increasingly for mobility) and energy demand
in sectors such as IT. Although large-scale storage options for electricity are limited,
security of supply has been achieved through sufficiently flexible dispatchable peak
capacity. Under these circumstances, electricity has been able to penetrate all aspects
of energy supply in society on a large scale.
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ENERGY CARRIERS WITH A SYSTEMIC FUNCTION IN THE
ENERGY TRANSITION
In the energy transition, the space for the use of oil and natural gas as energy carriers
for end users is decreasing, due to hard to prevent distributed emissions. Where oil
and natural gas are decreasingly becoming the 'default' solution, natural gas has
witnessed a sharp decline in domestic production, and investments in related
infrastructure are under discussion due to (expected) decreasing economies of scale,
the systemic functions that oil and natural gas play will diminish in the longer term.
An important question is whether electricity can take over the systemic roles that
natural gas and oil now play, in addition to the current systemic functions that
electricity already performs. Or whether a future sustainable energy system needs a
second energy carrier with systemic function, in addition to electricity.
Although demand for low-temperature heat, parts of higher-temperature heat
demand and energy demand for transportation can be electrified,

both the

transmission capacity and the limited operational storage possibilities of electricity
and part of the (very) high temperature heat demand in the Netherlands and in
neighbouring countries, are the main obstacles for electricity alone to take over the
systemic role of oil and natural gas. In a new energy system, there will still be a
demand for material products and therefore feedstocks (molecules) as raw materials
in industry. There are also processes that are difficult or expensive to electrify, such
as, for example, a part of the high-temperature heat demand.
In addition to the technical aspects of the above, economic considerations also play
a role. The relationship between the costs of converting electricity into molecules
and the costs of transport is important. At equal energy transport capacity, the costs
of new electricity transmission and distribution infrastructure are higher than those
of gas transportation. In addition, social costs may be higher as new electricity
transmission corridors are evoking more resistance than underground pipeline
corridors or retrofitting existing pipelines.

The provisional conclusion is that one or more molecular energy carrier(s) with a
systemic function is/are necessary for the energy system to (continue to) work
effectively.
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Multiple options are being investigated and developed to serve as molecular energy
carrier with a systemic function. Hydrogen is one candidate that is currently receiving
a lot of attention, but there are also other options such as ammonia, biogas/green
gas (methane from biogenic sources) or synthetic methane (produced with hydrogen
and CO2). Each of these options has different advantages and disadvantages, due to
the differences between each molecule, production processes and raw materials. In
general, it can be said that an ideal molecular energy carrier is flexible in terms of
production (i.e. production from multiple raw materials and processes needs to be
possible) and demand (having a use in multiple demand sectors), can be used for
(long term) storage and can be scaled up sufficiently for broad implementation
(Figure 2).
A full consideration of the alternatives is beyond the purpose of this paper. In view
of the limitations in (consumer) use of ammonia due to toxicity, limitations in the
scalability of biogas due to its dependence on biomass, the (provisional) costs of
methanization and the need for a climate-neutral CO2 source for synthetic methane,
the focus of this paper is on hydrogen. In addition, hydrogen is used as a raw
material for several of its alternatives, which may also benefit from a large hydrogen
market to act as a (sub)solution for (specific) sectors or uses. The choice of hydrogen
does therefore not completely exclude these alternatives.
FIGURE 2 - SYSTEM FUNCTIONS OF ENERGY CARRIERS, THE CURRENT SYSTEM AND SYSTEM
AFTER THE ENERGY TRANSITION

EVERY SYSTEMIC ROLE MUST BE FULFILLED FOR A PROPERLY FUNCTIONING ENERGY SYSTEM.
CARRIERS WITH LIMITATIONS IN ROLES, BUT COMPLEMENTING EACH OTHER, CAN BE
EQUIVALENT FOR A SINGLE GOOD SUITABLE CARRIER FOR THAT ROLE.
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4	THE (POTENTIAL)
ROLE OF HYDROGEN

After the loss of oil and gas, weaknesses will arise in an energy system that is based
on only (weather-dependent production of) electricity. In order to allow hydrogen to
complement electricity, hydrogen should be used as a systemic molecule, in parallel
and integrated with electricity (Figure 3). The distinctive transportation options
(underground pipes, large volumes, long distances, reuse of existing infrastructure)
and storage options (underground seasonal storage, plus decentralized storage) can
then be realized for the various distinguishing demand functions (as feedstock, for
high temperature heat), while hydrogen can also be used in a hybrid setup (for heat
or electricity production) and mobility.
FIGURE 3 – SCHEMATIC REPRESENTATION OF A POSSIBLE (FUTURE) ENERGY SYSTEM

ALL FUNCTIONS OF THE ENERGY SYSTEM COULD BE MET AFTER THE TRANSITION WITH
ELECTRICITY AND HYDROGEN IN SYSTEMIC ROLES.
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Although popular in use, there are no strict definitions to differentiate between
the various production methods for hydrogen with hydrogen "colours". In this
paper, "blue" hydrogen refers to the production of hydrogen from natural gas,
with a reduction in CO2 emissions through carbon capture storage and/or utilisation (CCUS). "Green" hydrogen refers to the production of hydrogen by electrolysis of water, using electricity from renewable sources. "Grey" hydrogen
refers to the production of hydrogen from fossil energy sources without any CO2
emission abatement. This is in line with the concepts used by the International
Energy Agency (IEA) (IEA, The Future of Hydrogen, 2019). Although easy to use,
colour terminology can lead to counter-intuitive results due to various technical
possibilities and effects. For example, due to differences in CO2 capture rates
with blue hydrogen and emission intensity from electricity, it is not possible to
make a general statement that (green) hydrogen from electrolysis leads to fewer
emissions than blue hydrogen.
BOX 1 – THE VARIOUS COLOURS OF HYDROGEN

IN RELATION TO THE ELECTRICITY SECTOR
In the future, electricity from solar and wind energy will play a more important role
in the energy supply of the Netherlands. In particular, the production of electricity
through offshore wind energy will increase considerably. The relationship between
electricity and hydrogen is shaped around transmission, storage and flexible, CO2neutral, dispatchable electricity production (Figure 4).

FIGURE 4 – THE RELATIONSHIP BETWEEN HYDROGEN AND OFFSHORE WIND

HYDROGEN AND ELECTRICITY COMPLEMENT EACH OTHER BY ABSORBING VARIABILITY
THROUGH STORAGE AND ADJUSTABLE ELECTRICITY DEMAND AND PRODUCTION.
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Hydrogen and electricity together can create a robust system in which all types
of energy demand can be met. Production from weather-dependent renewable
energy sources can be accommodated here, but it also offers opportunities to
import energy and, if necessary, re-export/export it to the (integrated) hinterland
in the event of insufficient national energy production, storage and conversion
capacity.

Electricity from renewable sources can be directly fed into to the high-voltage grid.
The so-called "power outlets at sea" are now being realized for wind farms near the
coast, from which the power is brought ashore to the landing points. Costs of these
connections increase for wind farms which are further away from the coast. Together
with neighbouring coastal states, the possibilities for the creation of artificial islands
and a North Sea transmission network are therefore being looked into, in order to
transport offshore wind energy to centres of demand.3 In addition, electricity has to
be transported increasingly further into the hinterland. It is expected that the
required capacity of the Dutch electricity system for the absorption of all offshore
wind electricity will be limited after 2030, without the expansion of the onshore
network, even if the landing points are near clustered centres of demand such as
industrial areas, and even if the costs of landing offshore wind further from the coast
are taken into account.4 However, electricity from offshore wind can also be used for
the production of hydrogen via electrolysis, which can then be transported via (the
reuse of existing) pipelines to the market in large volumes and at lower costs.5
Visions on the long-term possibility of such conversion directly at sea are being
developed, with the interweaving of electricity and gas infrastructure in this way
creating a more robust and cost-effective energy transportation network.6
In addition, during the transition to an energy system where more energy demand
will be served by intermittent electricity production (solar and wind), the problem of
coordinating supply and demand over time also plays a role, due to the limited
possibilities for storage of electricity. Long-term storage, for example to bridge
seasonal differences, or to serve as strategic stocks, can be created by storing
hydrogen, for example in salt caverns.7 These reserves could be used for flexible,
dispatchable electricity production capacity, assisting intermittent electricity

3
4
5
6
7
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North Sea Wind Power Hub, June 2019.
Ibid & https://www.topsectorenergie.nl/sites/default/files/uploads/TKI%20Gas/publicaties/VANOZ_
omgevingsmanagement_groene_%20waterstof_Q%26As_%20intro_%20doel_kader_%20EA15062018.pdf
North Sea Wind Power Hub, June 2019.
Gasunie and TenneT, Infrastructure Outlook 2050, 2019.
Gasunie New Energy, HyStock.

production in meeting demand. Where green hydrogen (Box 1) is expected to still be
insufficiently available in the short term, the use of blue hydrogen for electricity
production can reduce CO2 emissions from an earlier stage and also support the
setting up of hydrogen infrastructure.8

IN RELATION TO INDUSTRY
Industry in the Netherlands faces a major challenge in the energy transition, since it
operates in an international playing field (even though most countries have signed
the Paris agreement). In industrial clusters, many energy flows come together.
Industry forms a potentially large market for new electricity supply, and can, with the
presence of blue and green hydrogen capacity, import and transportation capacity,
and hydrogen storage facilities, contribute to the management of a variable
renewable energy supply. Within the industrial clusters, a complex carbon economy
exists in which products, feedstocks, and heat are already exchanged. Incorporating
hydrogen into this may facilitate the substitution of feedstocks and sustain heat
cascades (and therefore efficiency benefits).
Studies have shown that the natural gas network can be reused for the transportation
of hydrogen.9 The Dutch industrial clusters are distributed over the country, with
clusters in Eemshaven, Amsterdam/IJmuiden, Rotterdam-Moerdijk, Westerschelde
mond and Geleen (Chemelot). These clusters are connected via a network of
underground pipeline corridors, each consisting of several trunk pipelines that
transport different gases and liquids between the various clusters. Moreover, there is
already a cross-border hydrogen network that connects Rotterdam with Belgium and
northern France. It is being investigated whether at the initial quantities of hydrogen
that will become available in Rotterdam and Eemshaven, one or more natural gas
pipelines can be converted for hydrogen transportation, so that clusters in a new
system can be connected in this way (Figure 5).10

8

Vattenfall, Equinor and Gasunie, Hydrogen to Magnum (H2M) and H-Vision ‘Feasibility study report - Blue hydrogen as
accelerator and pioneer for energy transition and industry’. July 2019.
9 For example: DNV-GL ‘Verkenning waterstofinfrastructuur’, November 2017 [Article in Dutch].
10 See Gasunie, www.gasunie.nl energy transition, Hydrogen theme.
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FIGURE 5 – THE RELATIONSHIP BETWEEN HYDROGEN AND INDUSTRIAL CLUSTERS WITHIN THE
NETHERLANDS AND ABROAD

DOMESTIC AND FOREIGN INDUSTRIAL CLUSTERS CAN CONNECT ENERGY AND RAW MATERIALS,
VIA HYDROGEN.

At the same time, the high number of existing pipelines in the corridors connecting
the Amsterdam-Rotterdam-Antwerp-Rhine-Ruhr (ARRAR) cluster is a problem that
must also be solved. With the re-purposing of former natural gas pipelines, no
additional pipelines need to be laid out. However, in case of new pipelines, a solution
will have to be found for a few already existing bottlenecks, for example around
Antwerp. The level of co-operation when connecting the clusters, also across
borders, will considerably impact the social costs. Hence, the co-ordination of such
strategies with the authorities in Belgium (specifically in the province of Flanders)
and Germany (the Rhine-Ruhr region), as well as between companies within the
clusters are of great importance to the success of the transformation of industrial
energy use. It is not inconceivable that mutual competition between the three
countries to favour their own part of the northwest European cluster can frustrate
these plans.
Another important reason why hydrogen can grow into a systemic energy carrier is
the fact that the hydrogen market in the Netherlands is already of a significant size.
The Dutch ‘on-site’ production of hydrogen for refineries, the production of fertilizer
(ammonia) and methanol is estimated at 800 kilotons of hydrogen per year. It is
good to distinguish here between the use of hydrogen as a feedstock and as an
energy carrier. Current hydrogen demand consists of, for the greater part, the use as
a feedstock, with a smaller proportion of by-product hydrogen used for energy
production (coke and blast furnace gas). However, new hydrogen production is likely
to be used more often as an energy source, replacing existing energy (gas) demand.
For example, the H-Vision project, which proposes the production of blue hydrogen
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from natural gas and refinery gas. 11 Their reference scenario assumes the capture
and storage of 5.5 Mt of CO2 per year, which, accounting for conversion losses,
leads to an emission reduction of 4.3 Mt of CO2/year. This would mean a hydrogen
production of up to 3210 MW or 700 kt/year, with a CO2 intensity of 28 gr CO2/
kWhHHV. This would roughly amount to a doubling of the current hydrogen
production, and could therefore be a significant driver of the hydrogen market. The
hydrogen market would receive a further boost if the oil-based chemical industry
makes its feedstocks more sustainable. The Dutch chemical industry outlines a
plausible pathway to 2050 which, in addition to CCUS and the use of biomass,
requires 11.4 GW of offshore wind power used for conversion of water into green
hydrogen.12 This would imply a hydrogen production of approximately 1 Mt/year.

IN RELATION TO THE BUILT ENVIRONMENT
Final energy use for heat in the built environment accounts for 23% of the total final
energy consumption in the Netherlands13 and is therefore an essential part of
sustainability strategies. An (indirect) link between hydrogen and the built
environment can emerge where hydrogen is used for electricity production combined
with heat delivery to district heating. In the longer term, hydrogen could also be
used in neighbourhood heat plants, after which a local district heating network
serves the surrounding buildings. In other visions, hydrogen is distributed just like
natural gas in the current situation, for use in hydrogen-fired boilers in each
individual household.14 Since the latter technology could prevent the construction of
new infrastructure,15 and consumers are already familiar with gas-fired boilers,
coupled with the possibility of high-temperature heating (so only minor adjustments
to homes are required), this option could improve social acceptance and the
implementation speed of the energy transition. For this, special attention must be
paid to the safety and cost aspects. In addition, these are long-term visions, which
should not cause inactivity due to a wait and see attitude of municipalities and
regional energy strategies. Whereas the complexity of the transition in the built
environment consists partly of the wide distribution of emissions (each boiler is an
emission source), hydrogen transforms this into a more centralized (and therefore
more manageable) challenge of hydrogen production. This also brings other

11 H-Vision ‘Feasibility study report - Blue hydrogen as accelerator and pioneer for energy transition and industry’. July 2019
https://www.deltalinqs.nl/document/h-vision-eindrapport-blue-hydrogen-as-accelerator.
12 VNCI ‘Chemistry for Climate: Acting on the need for speed, Roadmap for the Dutch Chemical Industry towards 2050’,
February 2018.
13 PBL ‘Nationale Energieverkenning 2017’ [Document in Dutch].
14 For example: Gasterra, Bekeart Heating, Remeha, DNV-GL, Gemeente Rotterdam, Ressort Wonen en Stedin, ‘Power2Gas’
project (Rozenburg) or Northern Gas Networks, Equinor, Cadent, ‘H21 North of England’.
15 Netbeheer Nederland ‘Toekomstbestendige gasdistributienetten’, 5 July 2018 [Article in Dutch].
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solutions for the built environment within reach, such as, for example, the use of
CCS (blue hydrogen) or solutions that require an industrial approach or procedures
(for example, specialized knowledge and skilled operation). The cost differences
both before - and behind the front door between the various options for the built
environment must be further investigated, since hydrogen has remained
underexposed in the built environment climate table.16 Progressive insights can lead
to hydrogen coming into the picture as an option for 2030, testimony of the pilot
projects of, for example, Stedin.

IN RELATION TO THE TRANSPORTATION SECTOR
The electrification of passenger transport will grow in the coming years. The market
for hydrogen-powered cars may also grow if a massive switch to electric vehicles
fails, for example due to bottlenecks in charging infrastructure and driver behaviour.
In those cases, hydrogen can also increase as the supply of these cars and fuelling
stations increase. For long-distance freight transportation, be it by road or over
water, hydrogen can form an option that electrification cannot offer. Although the
specific storage capacity of batteries is increasing, this is not (yet) a solution for heavy
trucks, since fast charging infrastructure in the EU and beyond has only been rolled
out to a limited extent and still requires relatively long charging times. The number
of hydrogen fuelling stations is now being expanded in countries such as Germany
and the Netherlands.17 As the number of cars and trucks increases, this development
will accelerate, leading to knock on effects in other countries. In particular, Japan is
fostering hydrogen fuelled cars. In the transportation sector (both passenger and
freight transport) there seems to be a preference for green hydrogen, leading to an
increase in the demand for climate-neutral electricity for both electric and hydrogen
fuelled cars. As the production of climate-neutral hydrogen increases and becomes
increasingly available for mobility and the built environment, consideration should
be given to the fiscal space that gasoline (and especially diesel for freight transport)
offer to stimulate demand for climate-neutral hydrogen. This could be done by
linking the end-user price of using new transportation fuels to the current costs of
transport achieved with diesel (or petrol for passenger cars).

16 https://www.clingendaelenergy.com/inc/upload/files/CIEP_paper_2017-01_web.pdf
17 Currently, 75 hydrogen refuelling stations (HRS)are in operation in Germany and 28 in various stages of planning
and construction (H2 Mobility, https://h2.live/en). In the Netherlands, there are 4 operational HRS (in Rhoon, Arnhem,
Delfzijl, and Helmond), and 16 in planning and under construction (H2 Platform - Op weg met waterstof, https://
opwegmetwaterstof.nl/tanklocaties/).
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IN INTERNATIONAL PERSPECTIVE
The introduction of hydrogen in the various sectors outlined above is reflected
internationally in various "roadmaps" and plans. Similar plans for hydrogen in
industry have been developed in, for example, Taranaki in New Zealand, and in
HyNet North West, in the United Kingdom (UK). In the UK, the development of a
hydrogen economy has also been identified as an important contribution in the
pursuit of a climate-neutral society.18 The fact that these plans are realized
independently of each other can be seen as a reflection of the expected value for the
energy system and similarities in solution directions.
With the current technical possibilities, energy transport over long distances and in
large volumes is cheaper in the form of molecules, than in the form of electrons. In
addition, the above-ground construction of electricity lines is an obstacle, while
underground electricity cables are substantially more expensive. In addition to
production costs, the cost of conversion, transportation and storage of energy will
also determine the dimensioning of domestic energy production vis-a-vis imported
energy flows. Furthermore, the tradability of molecules on international markets has
a potentially greater geographic reach than that of electrons. The production and
transportation costs of green molecules/hydrogen will determine the relationship
between import/export markets, and hydrogen produced with local solar and wind
energy.
The opportunities for the Netherlands to expand production capacity in solar and
(especially offshore) wind power are still large.19 However, it is also likely that, given
the competition from other uses/functions (fisheries/nature reserves, shipping, food
production), there will be a scarcity of space in Dutch waters. Neighbouring
countries, for example Denmark, may not need all the space in their North Sea
exclusive economic zone for their national energy needs, and hence they could
exploit their untapped potential of wind plots for demand in neighbouring countries.
This offers the opportunity to organize an energy system, provided there is sufficient
co-operation at the Northwest European (NWE) level, in alignment with the already
existing market integration. A possible result of this is being investigated in the
North Sea Wind Power Hub consortium, which proposes multiple artificial energy
islands.20 Energy transportation in (a form of) hydrogen can facilitate such a
development. However, even in this situation a lack of potential national/NWE solar
18 Committee on Climate Change ‘Net Zero: The UK’s contribution to stopping global warming’, May 2019.
19 For example, the upscaling of offshore wind capacity in the Dutch part of the North Sea would be possible up to 60 GW,
a five-fold increase over the target for 2030 (which is dimensioned on the electricity market, among other things). PBL,
‘De toekomst van de Noordzee’, 2018.
20 Concept papers, https://northseawindpowerhub.eu/.
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and wind capacity, and further limitations in the short, seasonal, and long-term
differences in wind production remains possible. The ability to also import hydrogen
is important. In this context, it is crucial that the EU trade tariff for hydrogen imports
from third countries (including those from the UK in the near future) become zero
like for any other energy carriers, and that hydrogen is no longer taxed as an
industrial gas.
Energy trade connects countries with an energy shortage to those with a surplus. For
example, imports can help to keep the social costs low and maintain the competitive
position of the NWE economy by importing green molecules, if they can be more
cheaply produced elsewhere and delivered at our market. In such a case, these green
molecules compete with imports of electricity over large distances. For the time
being, we must assume that solar and wind energy produced in, for example, North
Africa can be transported most economically in the form of hydrogen or ammonia
and that transit by sea is preferred over transit by land.

FIGURE 6 – THE RELATIONSHIP BETWEEN HYDROGEN AND INTERNATIONAL ENERGY MARKETS.

HYDROGEN COULD BE TRADED ON A EUROPEAN MARKET VIA A TRANSPORTATION NETWORK,
OR GLOBALLY OVERSEAS

A system in which hydrogen is also developed as a systemic fuel, in addition to
electrons, can thus ensure greater diversification of energy sources in terms of origin,
as both traditional (oil and gas) exporters as well as and new suppliers (wind and
sun) can serve our market (Figure 6).21 For example, an integral plan to take
advantage of this has been developed in Japan's national hydrogen strategy. In

21 The International Energy Agency (IEA) has produced a schematic for the future costs of Hydrogen from electrolysis from
onshore wind and solar PV. Compared to current energy exporting countries, the areas with low hydrogen costs are larger
and more widely distributed. IEA, ‘The future of hydrogen’, 2019 – figure 14, page 49. Please note that offshore wind (for
example, around the North Sea), is not included in this IEA figure.
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addition, this can contribute to geopolitical stability by giving traditional energy
suppliers in the world market an opportunity to co-develop and supply these new
markets, and by giving new producers an opportunity to develop themselves as
energy exporters.22 An example of this is the development of a hydrogen strategy by
the Australian government, an important coal and natural gas exporter, after having
explored the potential of a hydrogen economy in earlier studies. Examples of
potentially new market players include Chile and Morocco, countries without
extensive fossil fuel sources, but with an abundant renewable energy potential.

THE CURRENT HYDROGEN MARKET
The current Dutch hydrogen value chain is geared to the specific demand in the
industrial clusters, and during hydrogen production, CO2 is only captured on a
limited scale, by one company, to supply the greenhouse sector. These industrial
sectors producing hydrogen are covered by the EU ETS. The greenhouse horticultural
sector in the Westland, on the other hand, is not. The supply of CO2 helps making
greenhouse horticulture more sustainable, by providing the opportunity to switch to
sustainable, low-carbon energy. Expanding the use of CO2 in greenhouses, as well as
other CCU developments (such as algae production) and other circular concepts,
such as waste-to-chemicals, together with electrification, offer the prospect of a
future sustainable feedstock and energy system.
In the current industrial structure of the Netherlands, especially in the RotterdamMoerdijk, Zeeland, Chemelot, Eemshaven and Noordzeekanaal clusters, attention is
currently focused on the reduction of CO2 emissions in accordance with the 2030
climate agreement goals. Since the aim is to reduce emissions with 14.3 Mt of CO2
on top of the existing targets, which amounts to a reduction of 59% in 2030
compared to 1990, this attention to CO2 reduction is understandable. The focus on
CO2 reduction creates extra attention to the capture and storage or use of CO2 from
hydrogen production in the clusters. This is the most cost-effective method for
companies to reduce large volumes of CO2 in their production processes, as the CO2
steam is concentrated and relatively pure, bringing CCUS within reach. The CO2
reduction target forces a new way of thinking about current hydrogen use. Hydrogen
is used in industry as feedstock, and is made from both natural gas and residual
gases. The latter is important for refineries and chemical plants because they can
re-use their residual gases in this way.

22 A New World – The Geopolitics of the Energy Transformation, Global commission on the geopolitics of energy
transformation, IRENA, 2019.
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A second important reason why the industrial sector wants to meet the set targets
using hydrogen, is because electrification of industrial processes, for example
through the use of offshore wind energy, is not possible without also having to
convert the power to hydrogen to ensure that energy is available 24/7, every day of
the year. Through this route, hydrogen is an indirect form of offshore wind energy
use. This requires conversion via electrolysis, in order to store this energy in the form
of hydrogen as well as using it for those parts of the production process which are
difficult or impossible to electrify. Industry is thus enabled to indirectly use offshore
wind energy as a (domestic) energy source.
Projections for 2050 in which a circular economy predominates, strongly emphasise
the role of hydrogen as a feedstock and therefore in the energy transition. This role
is reinforced by the fact that the upscaling of offshore wind supply, without
conversion to hydrogen, will lead to much larger investments or potential congestion
in the high-voltage network. Moreover, without conversion, the problem of storage
for market purposes and strategic reasons is not solved.
A technical logical connection is also created between the different solution spaces
of different parts of the energy system, and with it also the beginning of an economic
model to get the market going smoothly. Moreover, hydrogen is a highly flexible
energy carrier and an elementary chemical building block, which means that
unexpected innovations can take place which could further contribute to the
development of the hydrogen market.
The option to build a large new hydrogen plant (H-vision) in the port of Rotterdam,
but also the different plans in other industrial clusters, such as in the North, are not
only meant to replace grey hydrogen production, but also to grow hydrogen’s
demand. Be this in the industrial sector, electricity sector or beyond. This may create
an opportunity to also meet the demand for energy in the built environment and/or
for transportation. After all, as with the introduction (or creation) of the market for
natural gas in the 1960’s, the choice was made to offer natural gas to different users
and at different rates, linked to the nearest alternative, by creating a level of demand
certainty and to oversize projects in anticipation of growth.
The threshold for the growth in the demand for hydrogen in non-ETS sectors is the
costs in comparison with natural gas or other forms of heat or mobility options. For
the industrial sector covered by the EU ETS, this threshold is based on the costs in
comparison with natural gas and the price of CO2 emission allowances. The price
and cost differences for different types of demand are complicated because energy
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is taxed with different types of levies and for different types of users. For the
organisation of a hydrogen market, it may be important to review current levies and
taxes. Can a car run on hydrogen if the current end-user price for gasoline and diesel
is taken as the starting point? Can a house or office be (partially) heated with
hydrogen based on the natural gas and a (non-ETS) CO2 price? Is the current fiscal
space between the cost price and the end-user price sufficient to make hydrogen
(green or blue) a viable alternative? If the result of such an investigation is that the
fiscal space is sufficiently large for stimulating demand for hydrogen, there is also
greater certainty for investors in hydrogen production, allowing them to find or
create a market for their product.
The abatement costs of CO2 by retrofitting a CO2 capture installation at an existing
SMR installation varies from 40-90 euros per tonne, while the abatement costs for a
new hydrogen plant lie between 75-130 euros per tonne of CO2.23 This is
considerably lower than the cost per avoided ton of CO2 in other sectors of the
economy. Nevertheless, the costs are (for now) higher than hydrogen production
without CO2 capture, but with emission rights purchased via the EU ETS. This balance
will change in the future, as a tighter supply of allowances is expected to lead to a
rise in the EU ETS price, while the supply of green hydrogen is also expected to
increase. Also, efficiency losses during conversion lead to a higher fuel cost,
compared to the direct consumption of natural gas for energy.
The production of green hydrogen by means of electrolysis, just like grey and blue
hydrogen, uses an existing technology. However, the production capacity of
electrolysers is still small compared to the industrial scale that is needed in the future,
while potential economies of scale are important for the development of this part of
the hydrogen economy. It is therefore of great importance to invest in scaling up
production capacity, both for building up sufficient electrolysis capacity and for
(production) cost reductions through automation and economies of scale.24 The
proposals for scaling up electrolysers to first 100 MW, then to 250 MW and possibly
by 2030 up to 1000 MW are of great importance for the ability to produce green
hydrogen on an industrial scale after 2030.25 To that end, the supply of offshore
wind must also grow considerably. This could result in a positive simultaneity, if

23 ‘In drie stappen naar een duurzaam industrie cluster,’ 13 July 2018, Regional table Rotterdam Moerdijk [Article in Dutch].
24 The current state of technology is sufficient to scale up the production of electrolysis equipment. Stable demand is crucial
to initiate investments and to achieve the desired economies of scale. NOW ‘Studie IndWEDe - Industrialisierung der
Wasserelektrolyse in Deutschland: Chancen und erausforderungen für nachhaltigen Wasserstoff für Verkehr, Strom und
Wärme’, 2018 [Article in German].
25 ISPT, 19 March 2019, Kick-off for designing a gigawatt electrolysis plant, https://www.ispt.eu/kick-off-for-designing-agigawatt-electrolysis-plant/.
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electrolyser technology is sufficiently scaled up once the offshore wind industry has
saturated the electricity market. The possible conversion of electricity to hydrogen
(and vice versa) also allows balancing the required investments in electrolysis and
storage, versus the value of avoided investments in the electricity grid. With this the
solution with the lowest social costs can be found. Electrolysis capacity on a gigawatt
scale then matches well with offshore wind farms on a gigawatt scale. The
expectation is that in the future the costs of electrolysis installations (CAPEX) will
decrease and the efficiency will improve.26
Both methods of (almost) climate-neutral hydrogen production currently have
operating shortfalls. Hence it is important to start some scale of hydrogen production
by financially supporting projects (supply push) and to have a view of the potential
of construction/conversion of infrastructure with the condition that the quality
requirements of hydrogen users are taken into account, as well as the existing
infrastructure. Only when sufficient scale has been achieved in production and
transportation, can demand also be stimulated outside the industrial and electricity
sectors (demand pull).
(Blue) Hydrogen succeeds or fails with the construction or expansion of a hydrogen
network with access available for all providers, with the possibility of storing or
supplying (local) CO2 for use (agriculture, waste-to-chemicals, etc.) and financial
support. This financial support could initially involve subsidization and later, cost
socialization. In this context, it is important to start with projects of a sufficient size,
in order to be able to crank up the supply-transport-demand system for hydrogen,
so that the construction of new, or the conversion of existing, infrastructure can be
justified at this stage of the energy transition.
It is crucial to properly coordinate the sequence of steps, since there is talk of
building new value chains, where chain and investment dependencies cannot be
avoided. There is a need to be allowed to co-operate in the co-ordination of plans
and investments and to share knowledge. This may be hampered by competition
law, because large existing parties who are now competing in the grey hydrogen
market, refining and petrochemicals, can and want to work together in the
development of both blue and green hydrogen production and transportation. The
accepted type of co-operation between the different companies in planning and

26 Based on the learning curves comparing the costs of both proton exchange membrane (PEM) electrolysis equipment,
which up to 527 €2017/kWel is achievable, and from alkaline electrolysis (AE) equipment which up to 655 €2017/kWel
is achievable, both by 2030. Store&Go, ‘D7.5 Report on experience curves and economies of scale’ (2019) & Krishnan et
al., ‘Power to gas (H2): Alkaline electrolysis. Technological learning in the transition to a low-carbon energy system’ (2019).
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investing in climate-neutral hydrogen production, transport and demand
development up to 2030, during which the market needs to be developed from a
traditional B-2-B market to a broader market, is potentially different from the
accepted type of co-operation after 2030. There must, however, be clarity about
which co-operation is accepted and in which market conditions, in order for
investment decisions to be made.
In the Rotterdam-Moerdijk and Eemshaven regions, various parties are now working
together on the development of pilot and demonstration projects. Such co-operation
should be extended to other projects that can accelerate electrification and/or the
hydrogen economy. For larger projects, the formation of consortia can be an
important way to get investments started and to share the risks. Initially that can
imply the creation of a concentrated market. However, the multitude of companies
that are currently developing plans in the field of hydrogen ensures that the number
of providers will increase over time if the plans materialise.

DEVELOPMENTS IN NEIGHBOURING COUNTRIES
The potential for international policy competition or co-operation also plays an
important role in the development of hydrogen markets. If Belgium and Germany,
which already form an integral part of the (petro) chemical cluster in North-western
Europe with their Antwerp and Rhine/Ruhr regions, make conflicting choices or
prefer a different pace of change, then the social costs in the Netherlands would
increase considerably. This can be due to a loss in competitiveness or as a result of
having to maintain the present infrastructure for crude oil, oil products and natural
gas for a longer period of time, implying that pipeline capacity then cannot be
reutilized for hydrogen transportation at that time. The transition of clusters other
than Rotterdam-Moerdijk, Amsterdam, and Eemshaven, which are well positioned
for both offshore wind energy and CCS, can be delayed because the operating
shortfalls remain high, relative to their close competitors. Meanwhile the logic of
rolling out hydrogen, electricity and/or CO2 networks to the Westerschelde delta and
Chemelot clusters, is limited without a perspective on further expansion into the
European hinterland. Of course, the development of the continued integration of the
electricity transmission system and national gas strategies also play an important role.
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It is therefore encouraging that Antwerp and the united North Sea Ports (Ghent,
Terneuzen and Vlissingen) want to join the Porthos project in Rotterdam to capture
CO2 and store it offshore. Following Rotterdam, they also applied for the status of
Project of Common Interest (PCI) from the European Commission.27
If supranational co-operation (from a non-EU framework) can arise within the ARAR
cluster, and the need for new hydrogen and CO2 infrastructure arises, it is important
to note that long lead times will be present. This is due to the long-term nature of
the permitting processes, the time it takes to construct this infrastructure and the
connection of cross-border infrastructures often suffer from a mismatch in timing.
This is a typical example of regulatory risk.

Industry is used to dealing with market risks and a certain degree of policy
uncertainty. The energy transition, however, is a complex and radical process
with much greater policy uncertainties and a risk of policy competition. In addition to normal market risks (for example, shift of economic activity to Asia, international demand developments, the lack of EU co-ordination), a high degree of
policy uncertainty can deter investments in different energy and feedstock systems. The government(s) has (have) an important role to facilitate the (timely)
availability of infrastructure as an important precondition for the emergence of
this market.

27 Nieuwsbladtransport.nl, 6 may 2019. [Article in Dutch]
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FIGURE 7 – CO-OPERATION AROUND THE NORTH SEA IN DEVELOPMENT OF A NEW ENERGY
SYSTEM BACKBONE CAN REDUCE COSTS OF UPSCALING
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5	IS THE START OF THE
INDUSTRIAL TRANSITION
AN INITIATOR FOR THE
DEVELOPMENT OF THE
HYDROGEN MARKET
AFTER 2030?
An energy system including hydrogen in a systemic role thus has advantages in the
energy transition. Unlike in the past, when the growth of oil and gas into a systemic
role was not actively promoted (with the exception of natural gas in the Netherlands),
the current challenge is the positioning of hydrogen in this systemic role. The
challenge is greater compared to the past not only because the energy system has
become more complex, but also because energy choice is now more or less left to
the invisible hand of the market and energy policy is no longer determined by
national governments alone but also by the EU. The climate agreement is the new
visible hand that must steer choices between energy carriers towards an energy
system with low-CO2 emissions.
In the Climate Agreement, an important management role is assigned to the
municipalities and provinces for the built environment through the Regional Energy
Strategies. This choice seems inspired by the potential possibilities that decentralized
systems have to offer, and because heating networks or electrification cannot offer a
solution for all municipalities and neighbourhoods. There is no ‘one size fits all’
solution, as was the case with natural gas decades ago. The approach may seem
logical, but such a regional or local approach can also be at odds with both the
functioning of the market and the realization of economies of scale of hydrogen at
national level.

FROM TODAY TO 2030, AND THEN TO 2050
The challenge in placing hydrogen in a systemic role in the energy transition lies both
in scaling up hydrogen demand and in creating low-emission hydrogen production.
Achieving the 2030 goals play an important role in both the approach and the
rollout of hydrogen.
Since electrolysis technology and green power generation currently have their
limitations, they do not provide the required scale for industrial and other applications
in the short term. Thus, large scale is needed to help industry meet the set 14.3 mt
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CO2 reduction by 2030, mainly by replacing grey hydrogen with climate-neutral
hydrogen,28 while before 2030 the use of hydrogen in other sectors must also begin
(Figure 8). The electricity sector will also play an important role for new hydrogen
demand and in balancing supply and demand. As a result, the further development
of hydrogen production from natural gas with CCUS appears to be an important
and necessary intermediate step to guarantee the necessary volumes, CO2 reduction,
and system stability. In this way, while awaiting larger volumes of green hydrogen,
work can already start in creating (a market for) hydrogen demand along with the
development of the required hydrogen infrastructure, as a step towards a nationwide
network. This can also immediately reduce the CO2 emissions of the customers
involved. The necessary investments in hydrogen and CO2 infrastructure and
applications can thus already be included in the coming industrial investment cycles,
so that there is no need to wait for electrification and the availability of sufficient
scale in green hydrogen production (both in terms of offshore wind production and
electrolysis capacity). As production capacity grows and the infrastructure for both
electricity and hydrogen become available, (which also takes time), other users (low
temperature heat, mobility) can be connected. The climate agreement of 28 June
2019 recognized this.

The combination of a substantial CO2 reduction contract for 2030, the existing
demand for hydrogen in industry and the time it will take before sustainably
produced hydrogen becomes available on an industrial scale, necessitates an
intermediate step of hydrogen production with natural gas and CO2 capture
(blue hydrogen). At the same time, a larger supply of climate-neutral hydrogen
can ensure that other sectors can achieve their transition and do not have to
wait for sufficient volumes of sustainably produced hydrogen. Because of the
greater demand and supply potential, the costs can presumably remain manageable.

28 At the same time, expanding the existing grey hydrogen economy in industry is an easy step towards making climate
neutral (green and blue) hydrogen because of existing demand for hydrogen that needs to be emitted from CO2 emissions
under the climate agreement.
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Scaling up offshore wind takes time, while several sectors claim the electricity
produced to meet their own 2030 goals. It is also still uncertain how quickly the
capacity and production of electrolysers can be scaled up, although investments are
already being made. Since hydrogen from natural gas with CCS and hydrogen from
electrolysis with green electricity can be substitutable, in the long term (after 2030)
the market can determine the optimal production ratios between different hydrogen
sources under changing (technological or market organization) possibilities. It is a
task for the government to guarantee by setting norms and standards and/or CO2
pricing (think of EU ETS) that the result is a low-emission hydrogen supply, regardless
of the production shares.
Speaking in colours: due to the (sector) assignment(s) for 2030, grey hydrogen must
become blue (by use of CCUS) and green hydrogen must be scaled up as quickly as
possible. This will create a mature market for climate-friendly hydrogen by around
2030, not only for industry, but also for other applications, such as in the power
sector (flexible, dispatchable CO2-free electricity production), mobility (especially
heavy transport) and possibly also for low-temperature heat (district heating with
dual firing hydrogen-geothermal, residual heat and/or hybrid heat pumps). The
advantage of such a market is that, thanks to the flexibility of input, power and heat
can always be supplied, while the scale of (growing) demand can keep costs low.
Moreover, this mitigates the limited sustainable supply of biomass for electricity
production, heat production and as a feedstock for the chemical industry. Hydrogen
can be (partially) used as a strategic substitute for this, allowing parties to choose
between feedstocks and their associated market (conditions). In addition, hydrogen
both for use as feedstock and for use as energy will probably be sold at a uniform
price, assuming that the product supplied is the same.

THE ROLE OF THE NATIONAL CARBON LEVY
There is currently a great deal of uncertainty about the way in which the national
carbon levy for industry mentioned in the climate agreement will be implemented
(Box 2) and the subsequent impact on investments. For some companies it is harder
to take more severe CO2-reduction measures if there is no infrastructure to consider
climate-neutral alternatives. The timeframe up to 2030 is short, especially if permit
procedures and the construction of new infrastructure are considered. For these
companies, the carbon levy can, in practice, become an additional cost, which,
although not intended, could potentially reduce the possibilities for investing in CO2
reduction. Another factor is that little consideration has been taken of the economic
cycle and the influence on investment levels and competitiveness. Some reference is
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FIGURE 8 – THE DEVELOPMENT PATH OF HYDROGEN

SOURCE: TAKEN FROM CIEP, ‘INTERNATIONAL APPROACHES TO CLEAN MOLECULES’, JANUARY
2019.
CURRENT GREY HYDROGEN DEMAND CAN BE REPLACED AND EXPANDED BY BLUE HYDROGEN,
AT THE SAME TIME GREEN HYDROGEN TECHNOLOGY CAN SCALE UP AND IN THE LONG-TERM
SUPPLEMENT AND/OR REPLACE BLUE HYDROGEN.

made to possible leakage effects and the loss in competitiveness, but it is not clear
to what extent, and on which grounds this is taken into account or whether an
exemption can be obtained. For companies that do have access to climate-neutral
alternatives and want to invest in CO2-reducing measures, for example replacing
grey hydrogen with blue and/or green hydrogen, there is however also uncertainty.
The taxation can be out of step with the investment cycles of large industrial
complexes. After all, these are planned years in advance. Before 2030, many
industrial players still only have one large turnover and some smaller ones. Work is
booked years in advance via projects.
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Additional carbon levy (National climate agreement, page 103)
The level of the levy will be determined in such a way that it ensures that the
reduction target for industry, meaning 14.3 Mt by 2030 in respect of the PBL
baseline trajectory, is realised a priori. The government is relying on the
independent expertise of the PBL for this. The government’s aim is to achieve
certainty. For that reason, the government is assuming realistic expectations on
what carbon-reducing potential can actually be utilised (80% compared to the
theoretical maximum) and a high degree of certainty regarding achieving the goal
(75% probability). This means, according to current insights based on the option
assessed by the PBL, that the carbon levy will start at €30 per tonne in 2021 and
rise in a straight line to €125 – 150 per excess tonne of carbon dioxide emitted in
2030 including the ETS price (according to current expectations, this would be
approximately €75 – 100 per tonne in 2030 on top of the ETS price). It should be
noted that, in calculating the impact of a carbon levy on the expected reduction,
the PBL did not take into account subsidies available from the expanded SDE+
scheme. In 2020 and 2025, when the new European ETS benchmarks become
available, the government will ask the PBL to once again conduct an objective
and verifiable review of the required level of a carbon levy, within the specified
preconditions. This means that the PBL will be asked in 2020 and 2025 what the
starting level of the carbon levy should be and what the level of the levy in 2030
(and therefore also in the intervening years) should be in order to achieve the
reduction target. The PBL will be asked to involve the available subsidies from the
expanded SDE+ scheme in their analysis. An external party will then investigate
the impact of the proposed levy on Dutch industry in the international playing
field and business climate, after which the government will determine the price
trajectory. These rates will be laid down by or pursuant to an Act of Parliament.
BOX 2 – THE IMPLEMENTATION OF THE CARBON LEVY IS STILL UNCERTAIN

Furthermore, sentiments that call into question the durability of the proposed policy
across the governments play a role. If the carbon levy works as a "governmentimposed reservation" for investments in CO2-reducing measures, this "stick" is
experienced differently than if it has to be paid first and later claimed back by
submitting investment plans. In the plans submitted in preparation for the climate
agreement, but also in the June SER-opinion29, the investments in hydrogen (from
grey to blue and scaling up green) play an important role, and the climate agreement
also includes a hydrogen program. If there is no clarity about the implementation of
the various measures, there is a risk that the hydrogen market, as projected in the
29 Nationale klimaataanpak voor regionale industriële koplopers, SER advies 19/06, June 2019
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plans of the industrial clusters, and the interconnection between the clusters will be
very hard to achieve, if at all. In the climate agreement, for example, an extra appeal
is made to the efforts of the "big twelve" (the twelve largest emitters) in achieving
CO2 reduction and the innovation of their energy and feedstock systems. It is
possible that the investments of these twelve companies could be the jump starter
of the climate-neutral hydrogen market, but then this would have to be explicitly
recognized by the government. On the other hand, the great pressure that has now
been placed on making investments before 2030, including through the carbon levy,
can shape investments in such a way that they focus primarily on their own part of
the assignment, while joint and/or public interests, other than CO2 reduction, are
not included in boosting electrification and hydrogen use.
The way in which climate policy is instrumented is crucial for taking the first steps
towards infrastructure and conversion. The climate agreement shows little sensitivity
to the market conditions which the companies that are going to shape the hydrogen
market are subject to. It also does not provide a vision of the co-ordination
mechanisms and/or institutions which may further shape the market. The purchasing
power of consumers is also an issue that could form bottlenecks for the required
adjustment measures. For the time being, the climate agreement appears to be
based on static innovation instead of dynamic innovation, while at the start of the
process, industrial innovation was held in high regard. This is a worrying outcome of
the negotiation and political process.
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6	CURRENT MARKET
REGULATION,
LEGISLATION AND
FIRST STEPS UNTIL
2030
The current structure of the energy market (market regulation) is based on the
consolidated, mature, EU electricity and natural gas markets. Some characteristics of
these markets are a relatively large number of producers and traders on the
wholesale markets, homogeneous green and grey products, relatively stable
technologies and retail markets on which customers have a reasonable choice of
suppliers, between whom they can smoothly switch. The traded volumes are
relatively large and reasonably predictable, as is their gradual growth. Competition is
facilitated by, among other things, non-discriminatory access to the transmission and
distribution of electricity and gas, and access to gas storage facilities in line with
market principles, partly under the influence of regulations on a European level.
Moreover, in the Netherlands there is a strict separation of ownership from
production and trading companies on the one hand, and the transmission and
distribution networks for electricity and natural gas, and the natural gas market on
the other. The network companies hold a natural monopoly and are therefore
regulated. In the Netherlands, energy networks for electricity and natural gas are
owned by the national government (transmission), and provinces and municipalities
(regional distribution networks). Market functioning on the wholesale and retail
markets are monitored by the Authority for Consumers and Markets (ACM), using
relatively reliable instruments and sufficient resources to intervene in the event of a
suspicion of abuse of market power. In these markets, the (smaller) Dutch production
companies have almost all merged into larger European companies with relatively
large centralized production capacities.
In the competitive markets for oil, oil products, chemical products, and hydrogen,
the regulation of transportation infrastructure is not an issue, since these do not
form a natural monopoly, but a combination of transportation through pipelines, by
road, rail and waterways. Here, supervision is limited to the market regulation, both
by the ACM and the EU competition authority.
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The current market organization in energy reflects steering on cost effectiveness
and efficiency through liberalization of national electricity and natural gas markets and the emergence of an EU market for electricity and natural gas.
Furthermore, there is a lack of uniform or harmonized internal EU and national
market organization for hydrogen, since hydrogen currently only serves an
industrial market.

There is regulation for hydrogen, but there is currently no legal separation, such as
for natural gas, between networks, production, and distribution, as is for example
the situation for upstream natural gas pipelines. An important question is whether
the European "legal separation", as with the electricity and natural gas markets, is
currently desirable for the development of the hydrogen market. Should the
Netherlands, for example, promote that hydrogen will be regulated in a European
directive, just like natural gas, before the 100% hydrogen market reaches maturity?
Or should it focus on national developments first? Another factor that plays a role is
that developments in other EU countries can and will influence the final outcome. In
Germany, for example, the blending of hydrogen in natural gas is being considered,
which has consequences for the regulation of their natural gas market, where a
(practically) uniform quality is traded, and countries still uphold different regulations
on permitted blending percentages. If blending can also count on the support of
other countries, then a situation can arise, relatively quickly, where the natural gas/
hydrogen mixtures are added to an EU directive. This has consequences for national
legislation in EU countries, whereby the percentage of hydrogen could potentially
rise to 100%. However, this blending can also stand in the way of the early
development of a pure hydrogen market. Decision-making at an EU level can
therefore influence the plans for the development and organization of the hydrogen
market, but also the standard (and (safety) regulations) for types of equipment. It is
therefore possible that the hydrogen market regulation will end up being an
adjustment of the natural gas quality via the natural gas market regulation in the
Netherlands, while the focus here is currently on the development of a pure
hydrogen market. The value of hydrogen used for blending is probably lower than
the value of hydrogen in higher-value markets, such as for transport and in industry.
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A second important question, is whether the current Dutch interpretation of the EU
directive on unbundling (ownership rather than legal unbundling) is serving an
emerging hydrogen market. In addition to ownership unbundling, the interpretation
by the ACM of certain law articles also plays a role. One conclusion may be that the
Netherlands adapts to neighbouring countries in terms of translating EU law into
national laws and regulations and aligns its own interpretation of unbundling with
the relevant NW European market, so that co-operation with neighbouring countries
in market creation for hydrogen can get off the ground more easily. The current
industrial market for hydrogen, with the network held in private hands and where
different qualities (purities) of hydrogen are important for customers, may remain
unregulated in the initial stage, but as soon as the market for hydrogen will begin to
play a role in other parts of the energy market, the creation of a single framework
will become inevitable. Given the developments in neighbouring countries, and the
potential for reusing natural gas pipelines for a natural gas-hydrogen blend or 100%
hydrogen set up, there is a good chance that the current EU natural gas regime will
be preferred.
A liberalised, competition-based market organization may make sense for mature
markets, but for an emerging, innovating market such as hydrogen, where use is
supposed to expand beyond the current industrial producers and customers, other
forms of organization may initially be more obvious. (Figure 9). Essential for such a
"system" to develop is an effective co-ordination of the necessary investments by a
range of actors, be it in production, transportation, or sales of hydrogen. There is a
high degree of chain dependence between the different parties that invest in
building a new value chain. The availability of and access to infrastructure at
acceptable tariffs is an important assurance for investors in scaling up green
hydrogen production. In the industrial sector, it is important that electrification and
the use of hydrogen form a coherent whole, there must be both sufficient green
electricity and hydrogen to decarbonise their processes. Furthermore, a crucial
condition is that hydrogen can be sold at an acceptable price. After all, unlike in
mature markets, these initiating parties do not have alternative options to offer their
hydrogen to many other potential customers. At the same time, investments in
infrastructure will only be made if this is underpinned by the certainty of systemic
use. If these guarantees cannot be provided in a reliable system of contracts and/or
joint ventures, and a system for effective investment planning, both in terms of
capacities, locations and over time, the parties will consider the risks as being too
high and postpone their investments.
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To prevent these sorts of chicken-and-egg dilemmas, it is necessary that chain
dependence can be managed and that sufficient investor confidence can be
generated. At the same time, however, end users must be protected against the risk
of market power abuse by actors in dominant positions. In addition, there are of
course other preconditions, in particular ones that relate to social acceptance, and
which, without effective co-ordination, can pose a serious risk to investors.
A very important part of investor confidence is the so-called "regulatory risk"; the
modification of the rules of play by governments, after the investments have already
been made and have become "sunk costs", or delays of (parts of) planned
investments, so that the system cannot function (fully). In the case of hydrogen,
there is an existing private (cross-border) network where hydrogen with specific
quality requirements (reliability, availability and hydrogen quality) is supplied to
industrial customers. If governments do not succeed in creating confidence in
regulation among private investors, they have no option but to "make" those
investments themselves. Existing government-related parties can take the lead in
creating more certainty. This applies to both infrastructure and the trading of
hydrogen or a natural gas/hydrogen blend.
Examples of current uncertainties are the timely availability of former gas pipelines
(on land and at sea), the development of CCS, and under which access and
regulatory regime transport pipelines will function. It is also unclear whether local
electricity networks from wind farms and solar parks to hydrogen production sites
(other than microgrids) can be laid out and whether hydrogen pipelines and storage
for local demand may or may not be developed outside of a transmission or
distribution system operator. Another factor is that the required investments in
developing a new system over a relatively short period of time can transcend the
(capital) power of existing parties, especially as hydrogen infrastructure is not the
only infrastructure that needs to be developed (in case of heat and CO2 networks) or
expanded (in case of electricity). In addition, possible changes in future energy policy,
wherein government support for hydrogen may be lost, cause investment
uncertainty.
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For the time being, mainly public parties such as Gasunie, TenneT, EBN, and the port
authorities, invest (or intend to invest) in infrastructure and storage. This indicates
that private parties are reluctant to invest without clarity about the regulatory regime
and future energy policy. This also means that public parties are expecting a (new)
role in the future energy system that resembles their current role. For the time being,
the public parties are logically developing these activities in the non-regulated parts
of their companies, but that too could be reconsidered.

FROM AN INVISIBLE TO A MORE VISIBLE HAND
In a recent paper by Mulder et al, a look into the conditions under which a Dutch
hydrogen market can come about was taken, but also a look at the competitiveness
of blue and green hydrogen.30 Important parameters influencing the creation of
demand and the type of hydrogen which will take off (blue or green) include the
natural gas price, the price of electricity and the price of CO2. This research also
shows that under the condition of a low natural gas price and a high CO2 price,
hydrogen can compete with natural gas, but also that green hydrogen is as of yet
less competitive. This can change if technology is further scaled up, production
capacity for electrolysers becomes available, and the supply of green electricity is
large (and the electricity price is relatively low). The study also shows that green
hydrogen will have difficulty competing with blue hydrogen in a free market setting
for hydrogen, because electricity is priced by the marginal producer (in the case of
this study, a natural gas plant), as well as that the demand for electricity can fluctuate
considerably, which translates into high network costs. The study shows that a free
market solution at this stage of development offers a suboptimal solution to
expanding green hydrogen in the Netherlands in the timeframe of the climate
agreement (after 2030).
The anticipated role of hydrogen as a supplementary system energy carrier and the
role of green hydrogen in absorbing offshore wind energy, cannot be realized,
according to the study by Mulder et al. Instead of the semi-invisible hand of the
market (with an EU ETS regime), certainly until 2030 and perhaps even until the
hydrogen market has matured. The hydrogen market should be structured with a
visible hand to also develop green hydrogen.

30 Machiel Mulder, Peter Perey, Jose L. Moraga, Outlook for a Dutch hydrogen market, economic conditions and
scenarios, Policy Paper no. 5 March 2019.
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The Netherlands has always been good at the pragmatic organization of change.31
Especially if this change could count on broad support due to well distributed costs
and benefits. These organized changes were part of a social contract and the new
backbone should also contribute to this. In addition, other markets for hydrogen
may come into view after 2030.
Now that an economic structural fund is envisaged in which the climate agreement
could also find a place, it is useful to consider, in addition to the ‘stick’ announced in
the climate agreement (the carbon levy), a sufficiently large ‘carrot’ in the form of
the SDE++ and perhaps additional financing options. The ‘carrot’ also consists of
propagating the vision of developing the energy system in the Netherlands towards
electricity and hydrogen backbones for a low carbon economy, thus creating
confidence. Financing both a number of large projects, and the construction of
infrastructure, that fits such a vision would be an important step in transforming the
Dutch energy economy. In this paper, the suggestion has already been made to use
the fiscal space that exists both in the heat and motor fuels markets, if possible, to
price hydrogen for these market segments. This could also solve the problem of heat
networks, which under the current market conditions cannot break even. Moreover,
such a solution would ensure that the costs of the first consumer of hydrogen (be it
either for heat or for transport) are borne by natural gas or motor fuels (by variable
taxes on cost prices so that an equal end-user price is created), and the costs of the
last natural gas, diesel or gasoline customer by other consumers of heat or personal
vehicles. This guarantees the solidarity over time for heat in the built environment
and mobility (more support for imposed energy choices by regional or municipal
energy plans, although this does not solve the problem of costs of investments
behind the front door for certain energy technologies).

31 A coherent system of institutions that, on the one hand, ensured coherence in the development of time and location of
production, transportation, and distribution capacity of natural gas, and the (anticipated) peak decrease in natural gas.
On the other hand, these institutions provided a clear, and stimulating, financial framework in which end-user tariffs
and investments, investment in distribution, transmission and production capacity, and - ultimately - the distribution of
residual revenues for companies and the state were predictably arranged. The core of this was that the economic value
of new natural gas was equated with that of competing fuels, whereby it was clear that the social value of using Dutch
natural gas was higher for reasons of comfort, environment, national income and economic development. This provided
the actors involved in production, the national transportation actors, municipal distribution actors, and customers, with
sufficient certainty to switch to natural gas at the right time. The essence of the Dutch natural gas regime in the 1960s was
that the difference between the higher social value and the economic value for users was compensated by the removal of
transaction costs, and the equalization of the economic value of gas to that of the alternatives; be they oil products, coal
or LPG.

50

FROM AN INVISIBLE TO A MORE VISIBLE HAND? ENERGY PAPER

Hydrogen for mobility can also be introduced within the fiscal space of petrol and
diesel demand, so that the cost differences are not reflected in the end-user price.
This facilitates the switch to a different energy carrier, without the system costs
being the determinant over time. In mobility, the costs of (avoided) network
reinforcement must also be taken into account so that a market equilibrium can
arise between the various technologies. As the transition progresses, both for the
motor fuel and heat markets it is yet to be seen whether the market is mature
enough to discontinue such a link without violating solidarity over time.
A modernized version of the earlier 'natural gas campaign' or market organization
has the same longer-term vision and is aimed at hooking up small-scale consumers
by using existing infrastructure as much as possible so that in addition to industrial
demand, a diversified market can develop. At the same time, the conversion of
offshore wind power into hydrogen must be stimulated in conjunction with
electrification on the one hand, and the avoidance of too much grid reinforcement
on the other. By analogy with the development of the natural gas market in the
past, the imperfections can be absorbed by pricing hydrogen differently for retail
and wholesale markets. In particular, the suppliers of electricity and heat can then
offer a package whose basis is an equivalent rate for heat solutions with different
cost and network prices, and therefore different taxes and levy rates. The ACM
standardises the cost differences between the energy carriers.
Finally, the ‘natural gas campaign’, was organized by an institution tasked with its
implementation. The hydrogen market also needs an organizing principle and
associated institutions. For the time being, provinces, municipalities, and industrial
clusters are the driving forces of this market, but there is not yet an organisation or
framework that brings everything together and turns it into a logical system covering
the whole of the Netherlands. The essence of the current perspective of the energy
transition is that the 'value' of a hybrid system, based on the supply of electricity and
hydrogen, or the supply of other green gases, is embedded in a system of institutions.
These institutions, on the one hand, ensure coherence in the development of the
timeliness and location of production, transportation, and distribution capacity and
the (anticipated) peak demand of electricity, heat and hydrogen. On the other hand,
these institutions must provide a clear, and stimulating, financial framework, in
which end-user tariffs and investments, investment in distribution, investments in
transmission, investments in production capacity, and - ultimately - the residual
revenues for the companies and revenues and costs for the state are predictably
arranged.
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CO-ORDINATING MECHANISMS
The difficulty in matching demand and supply growth with investments in emerging
and expanding markets has been solved in the past in both the oil and natural gas
industries through vertical integration, entering into joint ventures, and long-term
contracts (Figure 9). The co-ordination challenges could then be resolved within the
individual companies or joint ventures (by the building of a value chain), if the
market was unable to do so (due to high cost or a high level of uncertainty), or more
recently, if a specific market organization, such as, for example, with gas storage
facilities and LNG terminals, prevents coordination to take place. Vertical integration,
both forward and backward, joint ventures, long-term contracts, and ultimately the
"market", form a continuum of economic co-ordination principles that ensures the
management of risks, market uncertainties, and regulatory risks, including
regulations, subsidies and taxes. It also means that loss-making activities can be
undertaken in one section, as this can be compensated elsewhere in the chain.
Consider, for example, the construction of large pipelines, with the risk of
underutilization for a longer period of time. The market for LNG came about in such
a way. The Japanese government offered security of demand, so that producers
were given more investment security to start developing this value chain. The
Norwegian offshore gas sector also developed after a group of North West European
customers offered sufficient demand security through long-term contracts.

MARKET PHASE

FIGURE 9 – MARKET PHASES AND MARKET STRUCTURE
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In this first phase of broader hydrogen development and deployment, it is sufficient
if competition authorities give their consent to companies to co-operate, rather than
the sole pursuit of competition, and ensure that regular market power is not abused.
However, for the time being this only helps the industrial hydrogen market to
co-operate in the field of replacing grey hydrogen and developing green hydrogen.
For new providers in the market, an arrangement can perhaps be fashioned in
analogy with the "small fields policy", so that they also can enter the market easily
and do not have to bear all the "systemic costs" but that these can be socialized
within the system. This would require a party that, just as in the case of natural gas,
but also now in case of the LNG market, would play the role of an "aggregator",
averaging the costs of expenses to produce climate-neutral hydrogen over the total
portfolio. The same applies to heat, where different cost profiles must also be
brought together. Whether this aggregator should be a private party, or a semipublic party, due to the risks on the one hand and the public interests (affordability,
availability) on the other hand, at least until 2030, depends on the confidence in the
policy and the potential pricing system. It is clear that, as the hydrogen market
develops outside the traditional industrial market, there is a need for a party that can
organize the market and is willing to remove the risks from smaller providers by
developing a portfolio. This could be compared with the natural gas market. A
condition for such a development is that buyers and suppliers of hydrogen can
access each other sufficiently, thus that there is a system of nationwide transportation
and storage.

STEPS TO 2030
If we assume the plans submitted by the electricity and industrial sectors, the
development of much more offshore wind energy before 2030, green hydrogen
pilots replacing substantially amounts of current hydrogen demand, the hydrogen
plans of H-Vision and Porthos converting natural gas and residual gases into climateneutral (blue) hydrogen, and the establishment of a pipeline connection between
the industrial clusters, there would be sufficient volume to speak of a Dutch climateneutral hydrogen market. Potentially, connections could also be made with German
and Belgian industrial clusters. The production of hydrogen as provided for in these
plans, offers some scope for developing new demand in the industrial sector, as well
as in markets outside the industrial clusters, such as mobility and the built
environment. These projects do not materialize without institutional and/or economic
support. Porthos, for example, has applied for a European subsidy. On the other
hand, H-Vision, Magnum, and the network connections can only count on a future
promise of a higher EU ETS prices (level playing field), the SDE++, sufficient
production of offshore wind energy, and the possibility of imports and storage.
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In the hydrogen market for mobility and the built environment, there is a fiscal scope
to account for the cost difference between climate-neutral hydrogen and natural
gas or heat, by taxing hydrogen considerably less compared to gasoline or diesel for
mobility, and natural gas for the built environment. This may enable hydrogen to
compete in these markets after 2030 and to confront consumers who do not yet
have an alternative and those who can switch with equal costs for heat. For industrial
users, the price difference between the cost of natural gas with EU ETS, and the cost
of climate-neutral hydrogen is important.
For the government, it is important to encourage only those initiatives which have a
flywheel function in the development of a hydrogen market. Given the reduction
order of 14.3 Mt of CO2 and the importance of the industrial and logistic sectors in
the Dutch economy, the start for hydrogen markets is to make the current energy
supply more climate neutral and to create connections that do not yet exist.
Expanding hydrogen supply and creating new demand will only come afterwards,
potentially supported by policy measures.
After the hydrogen market has reached maturity, which will probably be sometime
after 2030, it can be seen whether the "natural gas" regime could or should apply.
In this context, it is important to consider that the gas regime will in any case require
adjustment, due to the increasing use of other gases (including biogases), potentially
from decentralized production and fed directly into the TSO or DSO networks.
The expectation is that the number of hydrogen suppliers will expand considerably,
from a limited number of industrial providers now, to energy companies, the
electricity sector, and possibly other suppliers. There will also be service companies
that offer conversion of other energy carriers into hydrogen and/or offering hydrogen
storage as a service. In the event that the "natural gas regime" is preferred or
imposed by the EU, the developed assets can still be wholly or partially brought
under that regulatory regime. Especially the concentration during the emerging
phase of the market is cancelled out by growth development, because more parties,
with new innovative technologies, will enter the market, both on the supply and the
demand side, and in the conversion of Power-to-X.
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INFRASTRUCTURE
The opportunity for hydrogen to play a systemic role therefore also depends on
taking the right steps at the right time, to create investor confidence, and to fall into
step with all developments in the energy sector. The possible reuse of pipelines can
help in the realisation of cost-effective, new connections (see Box 3)
For example, hydrogen plays an important role in the functioning of an electricity
system based on renewable energy sources, especially since the Netherlands will say
farewell to coal for good in 2030, followed shortly afterwards by the phase out of
nuclear energy, and ultimately the removal of natural gas as a source of electricity
generation. Measures taken in neighbouring countries will also be felt in the
Netherlands, including for example, the closure of nuclear power plants (both in
Belgium and in Germany), the banning of coal use for power generation (Germany
by 2038 at the latest), and in both these two countries too, the role of natural gas
will eventually have to decrease, in order to achieve the 2050 targets.
It is important that infrastructure for blue and green hydrogen (the electricity grid,
the CO2 grid and the hydrogen grid) becomes available on time so that companies
are able to make investments in their respective plants. The step-by-step plan as
developed for, for example, the Northern Netherlands and the Rotterdam-Moerdijk
region, follows this logic, whereby infrastructure outside the gate facilitates
investments within the gate.32
No individual company is able to develop such a network without (national)
co-ordination and co-operation. There is also uncertainty surrounding the
management model of this whole system. It is clear that the networks must offer
access to users on both the production and the purchasing side, but it is unclear
what access requirements and ownership relationships must be established for these
networks and how they will be regulated in the initial phase.

32 ‘In drie stappen naar een duurzaam industrie cluster’, 13 July 2018, Regional Climate table, Rotterdam Moerdijk. [Article
in Dutch].
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In the Netherlands, the offshore natural gas industry is in decline, and the largescale decommissioning of natural gas fields has already started. This process
follows existing laws and regulations on gas well decommissioning, after
production ceases. This development is accelerating due to current low natural
gas prices, which means that new gas fields can hardly be developed. If gas fields
are being closed down, while we may want to use them later for CCS, this must
be arranged in a timely manner (including awarding permits and solving longterm liability). Another problem is that these offshore pipelines which are now
facing decommissioning could be used to transport hydrogen produced out at
sea. However, as long as these pipelines are still connected to a single producing
offshore natural gas field, this is not possible, while, keeping these pipelines
functional is also not possible without gas flows. Hence, a timely connection must
be made between the supply of (green) offshore hydrogen, and the decrease in
offshore gas transportation. This requires some co-ordination and planning. If the
plans for hydrogen and offshore wind, as presented in some regional visions (of
the climate tables), are to be realized, then legislation and regulation for offshore
natural gas fields and pipelines must already be amended to retain this option,
and a link should be made between plans from the offshore gas sector (for
example the Nexstep project) and the option for CCS. This is also important to
retain existing natural gas pipelines for reuse. These pipelines are currently
operated as joint ventures, partly in public (EBN) and partly in private ownership.
BOX 3 – THE REUSE OF ASSETS

Whereas in the past there was connection between producers and consumers in the
industrial hydrogen chain through contracts, in the future, there will be connections
between systemic functions and network management functions. To this end,
existing gas infrastructure can potentially be reused, while new infrastructure for
both hydrogen and electricity transmission will also need to be constructed. For that
reason, Gasunie, TenneT, and regional network operators have shown interest as
potential investors in a hydrogen network.
However, the development of a major hydrogen transportation network through the
reuse of suitable natural gas infrastructure implies a withdrawal from natural gas
transport capacity. As the hydrogen market is still developing and unregulated, they
do so by moving these assets to the unregulated domain of their activities. Another
possibility is that public network companies could be given the task to develop a
nationwide network. This is possible both in the free market and regulated domain.
In the latter case, consideration should be given to whether the existing hydrogen
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network, which serves directly connected industries with specific quality
requirements, should, if possible, eventually offer third party access and/or whether
public and private networks with different quality requirements can or should
co-exist. As more pure hydrogen is transported by the system, the problem of a lack
of homogeneity of hydrogen may disappear. In the case of network development in
the regulated domain, the costs of development/conversion are socialized in the
hydrogen network rates. Part of this is also the valuation and resale of natural gas
pipelines for conversion into hydrogen carrying pipelines. It is even conceivable that
the transportation of electricity, natural gas and other gases (also CO2) are brought
together within one or more Dutch transmission companies and a number of local
distribution companies. This not only offers options for planning in capacities, time,
and space, but perhaps also as a solution for cost socialization of the last natural gas
connections, the first hydrogen connections and the first CO2 pipelines. By bringing
all of these entities into the regulated domain and distributing costs over all
connections, infrastructure charges will in any case be equally distributed among all
connected parties. This requires the development of a broad hydrogen strategy in
which hydrogen can indeed grow into a systemic energy carrier, together with
electricity, and for the time being, CO2 transportation and storage.
The choice in market organisation and tax regimes for the different energy carriers is
important for different parties. For example, green gas is treated in the same way as
natural gas. Another important point in market organisation is the connection to
infrastructure between the Randstad region and other clusters. An example is CO2,
where Rotterdam and the North Sea Canal region are connected to a CO2 network,
while the regions of Zeeland, Limburg and Eemshaven are at risk of being left out.
This is also a threat for hydrogen, unless networks with a more or less nationwide
coverage for hydrogen and CO2 are created and all industrial clusters are given equal
opportunities to develop.
Hydrogen outside the industrial sectors is still in its infancy and can also be developed
in the free domain, until further market organization and regulation becomes
necessary, or until the heat market for the built environment requires so. For
example, in case the Dutch government wants to regulate low temperature heat
and ensure that all residents have access to an affordable heat supply, regardless of
energy carrier or technology. For mobility and industrial use, the moment of
regulation only arises when the market is more mature, when cross-border barriers
arise which create a need for EU policy, or when the number of providers first
increases and then becomes more concentrated.
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Investments in infrastructure do not come about automatically. Unlike the construction of an industrial hydrogen network, which already exists in certain regions, the future hydrogen network must also connect new potential producers
and consumers in all regions (providing national coverage) and become more
extensive if besides industrial use also other energy functions are to be served by
hydrogen. Any quality requirements of users must also play a role in this.
Without a convincing plan from the government about the future system function of hydrogen, including a reliable framework within which parties (the public
and/or private sectors) can take on the (control over) implementation, the coverage and dimensioning of the networks will remain uncertain and the investment
risks estimated as high.
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7 CONCLUSION

The Dutch climate agreement of the 28th of June 2019 is the start of a period of
extensive and deeper research into the correct design of the new energy system. A
lot of information has been collected over the past year and a half, and the contours
of the new energy system are becoming increasingly clear. The questions include
how these plans are to be realised and who should play which role. How is the
public interest adequately safeguarded in a changing energy system? How do we
ensure that robust choices are ultimately taken in changing this system? In this, the
priorities of energy policy must be met - reliability, affordability and sustainability not only at the end of this refurbishment, but also during the process. Furthermore,
a different pricing of energy services should be considered so that the cost of
technology choices in the retail market do not lead to large cost differences between
neighbourhoods and cities (and therefore the attractiveness of houses and buildings
in certain areas).
Important for the proper functioning of an energy system is a limited number of
energy carriers playing systemic roles. Together they can complement each other
and fulfil all roles of the energy market, such as supply and demand flexibility,
(strategic) storage, energy transportation, all at low social costs. In the current Dutch
energy system, oil, gas, and electricity together fulfil these roles. However, the
energy transition is creating pressure to replace the role played by oil and natural
gas. In the future, energy carriers must be as renewable as possible. Hydrogen seems
to be an ideal candidate to supplement electricity as a systemic fuel in the future. For
this, the current hydrogen market needs to be expanded, firstly by large-scale
replacement of grey with blue hydrogen in the industrial sector and by the
development of infrastructure and green hydrogen production capacity. It is
important to consider the quality requirements of the various users and the existence
of a level playing field. After all, the hydrogen market already exists for industrial
users.
Since blue hydrogen can already be produced on a larger scale, and a start must be
made with the systemic switch to hydrogen (and in particular to achieve the Dutch
2030 intermediate CO2 reduction targets), and residual gases must also be processed,
it is logical to start the full-scale use of blue hydrogen while large scale production of
green hydrogen is further being developed. The “ecosystem" of hydrogen is located
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around the North Sea and offers new opportunities for economic growth and
employment. However, in order to keep the UK in such a system, even after the
Brexit, the current trade tariff for industrial gas on hydrogen should be replaced by a
zero tariff for energy carriers. Moreover, hydrogen is not something that can be
done half-heartedly. The larger the hydrogen system is, the more effective it will be,
in terms of costs, environmental impacts and geopolitics (in terms of security of
supply). Additionally, the risks in developing the “hydrogen ecosystem” around the
North Sea will be shared by several countries and industries. This is exactly what the
G-20 is calling for, in its recent meeting in Japan. Due to its location and economic
characteristics, the Netherlands can play a key role by making a strong choice for
hydrogen, so that this sustainable backbone can serve all sectors and neighbouring
countries.
There is no clarity yet regarding the national and EU regulatory regime for hydrogen,
also because relatively little cross-border trade exists and since hydrogen does not
yet have the function of a co-backbone. That is not in itself a problem. After all, the
natural gas industry has come to fruition even without an EU regulatory regime
(through active government policy and by initiating the development of Dutch gas in
a public-private partnership). At the same time, account must be taken of the fact
that the EU may include hydrogen blending in natural gas and include the hydrogen
market through this route. The lack of EU regulation for the time being does not
detract from the desire for co-operation between NW-European companies in
creating “hydrogen ecosystems”, in which hydrogen can mature as a feedstock for
the chemical industry and as an energy carrier in the electricity sector, mobility and in
the built environment.
As a result of the discussions at the climate tables, projects are now developing in
which the gas and electricity transmission system operators (TSOs) and distribution
system operators (DSOs) are investing in hydrogen infrastructure and expanding the
electricity network. Hydrogen infrastructure will partly consist of new infrastructure,
but to a large extent will also include the conversion of gas (distribution) networks
for hydrogen. These companies are owned, by law, either by the national or local
governments. If this development continues, market organization may eventually
develop towards that of natural gas, with separate network companies and
producer-distribution companies. On the other hand, as long as no framework for
market organization is developed on an EU level, the Netherlands is free to create a
market regulation that (in the long term) fits in with Dutch market conditions,
whereby, as stated earlier, the potential that hydrogen is included by the EU in the
gas regime through blending must be taken into account.
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Although the climate tables had to make plans for 2030 with an explicit pathway
towards 2050, the way in which the 2030 goals can be achieved will largely
determine how the foundations for the new energy system will be laid down. The
development of climate-neutral hydrogen is a great example of this.

61

VISITING ADDRESS

POSTAL ADDRESS

Clingendael 12
2597 VH The Hague
The Netherlands

P.O. Box 93080
2509 AB The Hague
The Netherlands

+31 (0)70 - 374 67 00
www.clingendaelenergy.com
ciep@clingendaelenergy.com

TEL

